
Acta Pharmacologica Sinica  (2017) 38: 252–263 
© 2017 CPS and SIMM    All rights reserved 1671-4083/17
www.nature.com/aps

Introduction
Colorectal cancer is the third most common cancer in men and 
the second most common cancer in women worldwide.  In 
2012, approximately 1.4 million cases of colorectal cancer were 
diagnosed, and approximately 694 000 cancer-related deaths 
were due to colorectal cancer.  The prognosis of this disease 
is poor, and the mortality is as high as 52% in less developed 
regions.  Currently, the treatment options for patients with 
colorectal cancer are surgery and chemotherapy[1, 2].

Macroautophagy (hereafter referred to as “autophagy”) and 
apoptosis are two types of cell death that play important roles 
in cancer therapy[3, 4], and reactive oxygen species (ROS) may 
stimulate cell death via autophagy and apoptosis.  ROS-induc-
ing reagents that elevate oxidative stress often act as potential 

anticancer reagents[5, 6].  Specifically, C-Jun N-terminal kinase 
(JNK) signaling is involved in the response to oxidative stress, 
which plays a crucial role in the induction of autophagy and 
apoptosis[7, 8].  

Compounds and extracts from natural products are impor-
tant sources of chemopreventive and therapeutic agents in 
cancer treatment[9–11].  For example, natural polyisoprenylated 
benzophenones (PPBS) possess a wide range of biological 
activities, including cytotoxic, anti-viral, anti-oxidant, and 
anti-inflammatory properties, and the members of the Gut-
tiferae family of plants are characterized by their ability to 
produce large amounts of benzophenones[12, 13].  Specifically, 
oblongifolin C (OC) and guttiferone K (GUTK) are the main 
active components of Garcinia yunnanensis Hu[14], and our 
previous studies have shown that OC has multiple anticancer 
activities, including the promotion of apoptosis and inhibition 
of autophagy and metastasis[15–17].  Similarly, we found that 
GUTK activates apoptosis, arrests the cell cycle, and promotes 
autophagy[18, 19].  Because OC and GUTK target different cell 
death pathways and are the main active compounds in Gar-
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cinia yunnanensis Hu, we sought to determine whether the 
combination of OC and GUTK might synergistically kill can-
cer cells.  Furthermore, we also investigated the ability of OC- 
and GUTK-containing crude extracts to efficiently induce cell 
death.  Our results showed that the combination of OC and 
GUTK has therapeutic potential as an anticancer treatment.  
Interestingly, crude extracts containing approximately equal 
amounts of OC and GUTK also strongly inhibited HCT116 cell 
growth, thus suggesting that this extract has the potential to 
be developed as a low-cost anticancer drug from plants.

Materials and methods
Cell line
HCT116 human colon cancer cells were purchased from the 
American Type Culture Collection.  The cells were cultured 
in DMEM (Gibco/Invitrogen, 12800-017) supplemented with 
10% fetal bovine serum (Invitrogen) and 1% penicillin/strep-
tomycin (Gibco/Invitrogen, 15140-122) and were maintained 
at 37 °C in a humidified incubator under 5% CO2.

Preparation of G yunnanensis extract and fractions
The fruits of Garcinia yunnanensis were collected from the Yun-
nan province in China.  The plant material was authenticated 
by Prof Hong WANG of the Xishuangbanna Tropical Botani-
cal Garden at the Chinese Academy of Sciences.  A voucher 
specimen was deposited in the herbarium of the Innovative 
Research Laboratory of TCM at the Shanghai University of 
Traditional Chinese Medicine.  The fruits of G yunnanensis 
were ground into a fine powder.  A 100.0×g sample of fine 
powder was soaked in 500 mL of 95% ethanol (EtOH, Sino-
pharm Chemical Reagent Co, Ltd, Cat 10009171) for 24 h at 
room temperature, extracted with 95% EtOH (3×500 mL) at 
90 °C in a water bath for 1 h, and filtered.  The combined fil-
trate was evaporated to a volume of 350 mL under a vacuum.  
The extract was passed through a D101 resin column gradient 
and eluted with EtOH, and the 0%–70% EtOH eluent was con-
centrated to produce fraction A.  The 70%–95% EtOH eluent 
was concentrated to produce fraction B, which contained the 
majority of oblongifolin C and guttiferone K.  The ethanolic 
G yunnanensis fruit extract fraction A (GYFA, NO OC+GUTK 
fraction) and fraction B (GYFB, OC+GUTK fraction) were 
dissolved in DMSO (Sigma, Cat.  D2650) prior to each assay.  
Oblongifolin C and guttiferone K were isolated from G.  yun-
nanensis in our laboratory and were identified on the basis of 
mass spectrometry and nuclear magnetic resonance spectros-
copy.

GYFB was analyzed by HPLC with a Waters e2695 (Waters, 
America) separation module and an Agilent ZORBAX column 
(SB-C18, 5 µm, 4.6×250 mm).  The mobile phase consisted of 
(A) acetonitrile (Sinopharm Chemical Reagent Co, Ltd, Cat 
40064193) and (B) 0.1% formic acid in water.  The HPLC elu-
tion conditions were as follows: 80%–95% A (0-10 min), 95%–
100% A (10–15 min), 100%–95% A (15–20 min), and 95%–80% 
A (20–35 min).  The flow rate was 1.0 mL/min.  The column 
was maintained at 35 °C, and the detection wavelength was set 
to 349 nm.

MTT assay
Cells were seeded in a 96-well plate at a density of 4×103 cells 
per 100 μL per well.  After overnight incubation, the cells 
were treated with different concentrations of the indicated 
compounds for 48 h, and 10 μL of 5 mg/mL 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) solution 
was then added to each well and incubated for 4 h at 37 °C.  
Subsequently, the culture medium was removed, and 100 μL 
of DMSO was added to each well.  The absorbance was mea-
sured at 570 nm, and the cell viability was normalized and 
is presented as a percentage of the control.  The experiments 
were performed in triplicate, and the absorbance for each 
treatment condition is presented as a percentage of the control 
condition.

Combined effect evaluation
The interaction effect between OC and GUTK was analyzed 
using the combination index (CI)[20, 21].  The CI value is defined 
by the following equation: CI=(D)1/(Dx)1+(D)2/(Dx)2, where 
(Dx)1 and (Dx)2 are the concentrations for D1 (OC)and D2 
(GUTK) alone that inhibit x% cell growth, and (D)1 and (D)2 
are the concentrations of OC and GUTK in combination that 
result in identical cell growth inhibition.  The CI value was 
divided into three categories, CI<1, CI=1, and CI > 1, indicat-
ing synergistic, additive, and antagonistic effects, respectively.  
Each CI value is the mean value of three independent experi-
ments.  The data were analyzed using Calcusyn software.

Flow cytometry
Cells were seeded in 6-well plates and incubated overnight 
before the addition of various concentrations of compounds 
in complete (DMEM with serum) or nutrient-deprived (EBSS) 
medium for the indicated times.  For the cell cycle distribution 
analysis, cells were washed with PBS and fixed in 70% ice-
cold ethanol overnight.  They were then suspended in PI (50 
μg/mL) and RNase A (50 μg/mL), and the DNA content of 
samples was subsequently analyzed by flow cytometry.

Apoptosis was analyzed with an Annexin V-FITC/PI Cell 
Apoptosis Detection kit.  Briefly, cells were suspended in bind-
ing buffer and stained with Annexin V-FITC/PI for 15 min in 
the dark.  The stained cells were quantified by flow cytometry, 
which was conducted on a BD Influx™ instrument (BD Biosci-
ences).  All flow cytometry data were analyzed with FlowJo 
7.6.1 software[18].

Western blotting
The cells were treated at the indicated concentrations, and 
both floating and adherent cells were harvested before cells 
were lysed with radio-immunoprecipitation (RIPA) buffer 
containing protease and phosphatase inhibitors.  The protein 
concentrations were determined using a BCA protein assay, 
and equivalent amounts of total protein were separated by 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS/PAGE) and transferred to polyvinylidenedifluoride 
(PVDF, Millipore Corp, Billerica, MA, USA) membranes.  
PVDF membranes were washed and blocked for 1 h with 5% 
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(w/v) dry milk in TBST at room temperature with shaking.  
The membranes were blotted overnight with primary antibod-
ies in 5% BSA in TBST at 4°C with shaking.  The primary anti-
bodies to the following proteins were used: PARP, caspase-3, 
phospho-SAPK/JNK, α-Tubulin, LC3B, and SQSTM1/p62 
(Cell Signaling Technology, Inc, Santa Cruz Biotechnology Inc, 
Sigma-Aldrich, and MBL).  The membranes were washed and 
probed with horseradish peroxidase-conjugated secondary 
anti-mouse or anti-rabbit antibodies diluted in 5% nonfat dry 
milk in TBST for 1 h.  Protein bands were detected using an 
ImageQuant LAS 4000 Mini instrument (GE Healthcare).

Clonogenic assay
HCT116 cells were plated at 500 cells per well in 6-well plates.  
After 24 h, the cells were treated with the compounds at the 
indicated concentrations for 24, 48, or 72 h.  The cells were then 
washed with PBS and fed with fresh culture medium before 
being allowed to form colonies for 14 days.  Subsequently, the 
cells were washed three times with PBS, fixed with ethanol, 
and stained with 0.04% crystal violet.  Colonies of at least 50 
cells were counted using a microscope, and the inhibition of 
colony formation was calculated as a percentage of the vehicle 
control value.

Measurement of ROS
Cells were treated with compounds at the indicated concen-
trations in a 6-well plate for 24 h.  At the end of treatment, the 
cells were washed with PBS and incubated with 20 μmol/L 
DCFH-DA for 30 min at 37 °C in the dark.  Stained cells were 
washed with PBS and observed under a fluorescence micro-
scope.

Statistical analysis
All results are presented as the mean±SEM of three indepen-
dent experiments.  The data were statistically analyzed using a 
one-way ANOVA for multiple comparisons.  For all statistical 
tests, P<0.05 was considered to indicate a significant difference.

Results
OC and GUTK are the major components of the ethanolic extract 
of Garcinia yunnanensis Hu that induce cell death
To investigate the components of the ethanolic G yunnanen-
sis extract, we separated the extract into several fractions by 
using a D101 resin column with an ethanol elution gradient.  
The ethanol extract was clearly divided into two fractions by 
HPLC analysis: fraction GYFA and fraction GYFB.  As shown 
in the flow chart, fractions GYFA (NO OC+GUTK fraction) 
and GYFB (OC+GUTK fraction) were easily separated with a 
D101 resin column (Figure 1A).  Figure 1B shows a representa-
tive chromatogram of the major constituents of G yunnanensis 
extract.  GUTK and OC were the main components of G yunna-
nensis extract, and this extract contained approximately equi-
molar amounts of these components.  Among the fractions, 
GYFB (OC+GUTK fraction) potently inhibited HCT116 cells in 
a dose-dependent manner, with an IC50 value of 3.85 µg/mL, 
whereas GYFA (NO OC+GUTK fraction) exerted almost no 

effect on cell viability at a concentration of 100 µg/mL (Figure 
1C), and similar results were observed by using a SYBR green 
assay (Supplementary Figure S1).  To investigate the effect of 
G yunnanensis extract on cancer cell viability, we performed 
flow cytometry to quantify the percentage of cells in the apop-
totic sub-G1 phase.  GYFB (OC+GUTK fraction) treatment 
increased the percentage of cells in the sub-G1 phase in a dose-
dependent manner, both in complete medium and in EBSS 
medium.  GYFB (OC+GUTK fraction) treatment significantly 
increased the percentage of cells in the sub-G1 phase, which 
ranged from 2% to approximately 30%, whereas GYFA (NO 
OC+GUTK fraction) did not increase this percentage in either 
complete medium or EBSS medium (Figure 1D, 1E).

Ethanolic extract GYFB induces apoptosis by activating JNK
To further study the mechanisms by which GFYA and GFYB 
induce cell death, the cleavage of pro-caspase-3 and PARP as 
well as the expression levels of LC3-II and p62 were investi-
gated in both complete and EBSS media.  In complete medium, 
GYFB (10.0 μg/mL) induced the cleavage of pro-caspase-3 into 
its two active fragments (17 and 19 kDa), stimulated the cleav-
age of PARP, increased the LC3-II protein levels, decreased 
the p62 protein levels, and increased the expression of phos-
phorylated JNK without changing the amount of total JNK 
(Figure 2A).  Similarly, in EBSS medium, GYFB (5.0 μg/mL) 
induced the cleavage of pro-caspase-3, stimulated the cleavage 
of PARP, increased the LC3-II protein levels, decreased the 
p62 protein levels, and increased the expression of phosphory-
lated JNK (Figure 2B).  In contrast, GYFA treatment did not 
significantly change the expression or cleavage state of any 
examined protein (Figure 2A and 2B).

The combination of OC and GUTK inhibits cell proliferation and 
induces cell death 
Our data show that GYFB (OC+GUTK fraction) is primarily 
responsible for the anticancer activity of G yunnanensis.  Both 
OC and GUTK (Figure 3A) are the main components of the 
EtOH fraction extracted from G yunnanensis, and they com-
pose up to 5% of the EtOH fraction.  Therefore, we sought to 
determine whether co-treatment with OC and GUTK would 
exhibit similar bioactivity.  Indeed, OC, GUTK and their com-
bination (1:1 molar ratio) significantly decreased the viability 
of HCT116 cells in a dose-dependent manner according to 
MTT (Figure 3B), SYBR green (Supplementary Figure S1) and 
LDH assays (Supplementary Figure S2).  Specifically, the IC50 
values of OC, GUTK and their combination were 7.5, 7.5, and 
3.4 μmol/L, respectively, after 48 h of treatment.  Moreover, 
OC and GUTK showed synergistic inhibitory effects.  The CI 
values when OC and GUTK were co-administered at concen-
trations of 1.25, 1.75, 5, 7, and 14 μmol/L were 0.71, 0.79, 0.96, 
0.94 and 1.00, respectively (Figure 3C).  To study the poten-
tial effects of OC, GUTK and their combination on long-term 
proliferation, we used colony formation assays.  HCT116 cells 
were seeded at 500 cells per well and treated with 7.5 μmol/L 
OC, 7.5 μmol/L GUTK, or their combination for 24, 48, or 72 h 
in complete medium.  After 24 h, neither compound alone nor 
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the combined treatment significantly affected colony forma-
tion, whereas the combined treatment suppressed the forma-
tion of colonies compared with treatment with OC alone or 
GUTK alone after 48 and 72 h of treatment (Figure 3D).  To 
investigate whether treatment with the combination of OC 
and GUTK might increase the cancer cell cytotoxicity of these 
compounds, we performed flow cytometry to quantify apop-
totic cells in the sub-G1 phase.  Treatment with either OC or 
GUTK alone (7.5 μmol/L) in complete medium induced less 
than 20% of the cells to enter the sub-G1 phase, whereas com-
bined treatment with OC and GUTK (7.5 μmol/L) increased 
the percentage of sub-G1 cells to 45% (Figure 3E).  Moreover, 
treatment with either OC or GUTK alone (2 μmol/L) in EBSS 
medium induced less than 15% of cells to enter the sub-G1 
phase, whereas combined treatment with OC and GUTK (2 
μmol/L) significantly increased the sub-G1 cell population to 
37% (Figure 3F).  These results indicate that combined treat-
ment with OC and GUTK is potently cytotoxic and inhibits 
cancer cell proliferation.

The combination of OC and GUTK induces cell death by inducing 
apoptosis and autophagy 
To further study the apoptotic mechanisms, the effects of OC 
alone, GUTK alone, and both compounds in combination on 

the cleavage of pro-caspase-3 and PARP, as well as the expres-
sion levels of LC3-II and p62, were investigated in both com-
plete and EBSS medium.  In complete medium, co-treatment 
with 7.5 μmol/L OC and GUTK induced the cleavage of pro-
caspase-3 into its two active fragments (17 and 19 kDa).  OC 
and GUTK in combination also stimulated the cleavage of 
PARP.  Furthermore, OC and GUTK in combination increased 
the LC3-II protein levels and decreased the p62 protein levels 
(Figure 4A).  In EBSS medium, the combination of OC and 
GUTK dramatically increased apoptosis of cancer cells.  More-
over, low concentrations of the drug combination efficiently 
promoted caspase-3 activation and PARP cleavage and caused 
an increase in LC3-II protein and a decreases in p62 protein 
under EBSS conditions (Figure 4B and 4C).  These data indi-
cated that the combination of OC and GUTK induces apopto-
sis by activating caspase signaling pathways.

The autophagy inhibitor HCQ decreased the degree of 
apoptosis caused by the combination of OC and GUTK.  As 
shown in Figure 5A, HCQ co-treatment caused little cell death 
in complete medium, whereas HCQ co-treatment rescued cell 
death in EBSS medium.  Moreover, pre-treatment with the cas-
pase inhibitor Z-VAD-fmk also prevented cell death in both 
complete medium and EBSS medium (Figure 5B).  Overall, our 
data suggested that the combination of OC and GUTK acti-

Figure 1A–1C.  OC and GUTK are the major components of the ethanolic extract of Garcinia yunnanensis Hu, which can induce cell death.  (A) The 
extraction flow chart of GYFA (No OC+GUTK fraction) and GYFB (OC+GUTK fraction).  (B) The UV chromatogram of GYFB (detection wavelength: 349 
nm).  (C) The effect of G yunnanensis extracts on colon cancer cell viability was assessed by MTT assays.  HCT116 cells were treated with GYFA (0–100 
μg/mL) or GYFB (0–20 μg/mL) for 48 h.  The data are presented as the mean±SEM and were analyzed with a one-way ANOVA, **P<0.01 vs control.
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vates apoptosis and autophagy, thus contributing to the death 
of HCT116 cells.

OC and GUTK in combination promote ROS generation and JNK 
activation in HCT116 cells
To examine whether the combination of OC and GUTK pro-
motes the generation of ROS in HCT116 colon cancer cells, we 
measured the ROS levels under a fluorescence microscope by 
using DCFH-DA staining.  HCT116 cells were treated with 
OC, GUTK, or both compounds in combination in complete 
medium for 24 h (Figure 6A) or in EBSS medium for 3 h (Fig-
ure 6B).  Combined treatment with OC and GUTK induced 

increases of ROS in both complete and EBSS medium.  Pre-
treatment with the ROS scavenger N-acetylcysteine (NAC) 
abolished this increase in ROS.  In addition, we explored the 
ability of this combination treatment to activate JNK.  Specifi-
cally, OC and GUTK in combination increased the expression 
of phosphorylated JNK both in complete medium and in EBSS 
medium, without changing total JNK expression (Figure 6C, 
6D).  In EBSS medium, combined treatment with OC and 
GUTK increased JNK activation in a time-dependent manner 
(Figure 6E).  To understand the connection between ROS, the 
JNK pathway and apoptosis, HCT116 cells were treated with 
a JNK inhibitor (SP600125) or a ROS scavenger (NAC) before 

Figure 1D, 1E.  OC and GUTK are the major components of the ethanolic extract of Garcinia yunnanensis Hu, which can induce cell death.  (D, E) G 
yunnanensis extracts induced cell death in HCT116 cells.  After treatment, the sub-G1 peak was analyzed by flow cytometry with PI staining.  The data 
are presented as the mean±SEM and were analyzed with a one-way ANOVA.  *P<0.05, **P<0.01.  (D) HCT-116 cells were treated with GYFA (10, 50, and 
100 μg/mL) or GYFB (1, 5, and 10 μg/mL) for 48 h in complete medium.  (E) HCT-116 cells were treated with GYFA (10, 50, and 100 μg/mL) or GYFB (1, 
5, and 10 μg/mL) for 6 h in EBSS.
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treatment with OC and GUTK.  Pretreatment with SP600125 or 
NAC for 0.5 h did not decrease the percentage of sub-G1 cells 
induced by the OC and GUTK combination treatment (Supple-
mentary Figure S3A, S3B).  These results suggested that the 
OC and GUTK combination treatment activated cell death not 
only via the ROS and JNK pathways but also via other mecha-
nisms, which require further investigation.

Discussion
G yunnanensis contains up to 5% OC and GUTK.  These 
compounds are structurally similar, but their anticancer 
mechanisms differ.  Specifically, OC exhibits multiple anti-
cancer activities, including promoting apoptosis and inhibit-
ing autophagy and metastasis[15–17], whereas GUTK has been 
shown to promote apoptosis, arrest the cell cycle, and promote 
autophagy[18, 19].  At low doses, neither OC nor GUTK alone 
affected HCT116 cells, whereas combined treatment with OC 
and GUTK at the same doses produced potent effects, includ-

ing increasing the sub-G1 population, cleavage and activation 
of casapse-3 and PARP cleavage.  In addition, we found that 
the combination treatment also increased the LC3-IIB protein 
levels and decreased the p62 protein levels, thus suggesting 
that this treatment activated the autophagy pathway.  These 
results indicated that OC and GUTK at their natural concen-
trations (1:1 molar ratio) exerted favorable addictive effects 
on HCT116 cells.  Interestingly, the combination of OC and 
GUTK did not exert additive effects at other ratios (eg, 1:2 or 
1:1.5) (Data not shown).

Plants contain many bioactive compounds that may func-
tionally interact, thereby targeting multiple molecular pro-
cesses and increasing therapeutic efficacy.  For instance, EGb 
761 is a standardized natural extract of Ginkgo biloba that 
contains 24% ginkgoflavonol glycosides and 6% terpene lac-
tones, and ginkgoflavonol glycosides and terpene lactones are 
considered to be the main active components of Ginko biloba[22].  
EGb 761 is currently prescribed for the treatment of cardiovas-

Figure 2. GYFB but not GYFA activated apoptosis-related proteins and regulated the phosphorylation of JNK and the levels of LC3-II and p62 in a dose-
dependent manner.  Tubulin was used as a loading control.  (A) HCT116 cells were treated with GYFA (12.5, 25, 50, and 100 μg/mL) or (GYFB 1.25, 2.5, 
5, and 10 μg/mL) for 48 h in complete medium.  (B) HCT116 cells were treated with GYFA (12.5, 25, 50, and 100 μg/mL) or GYFB (1.25, 2.5, 5, and 10 
μg/mL) for 6 h in EBSS.
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cular disease in European countries[23].  Mixtures of green tea 
catechins with ointment have been shown to exhibit antitumor 
properties, and these formulations have been approved by the 
US Food and Drug Administration (FDA) to treat genital warts 
caused by human papilloma virus[24].  Moreover, the US FDA 
has published a botanical drug product guide based on multi-
component plant extracts[25].  In addition, the fruit of G yun-

nanensisis is edible and has a pleasant sweet-and-sour taste[26], 
which suggests that compounds derived from this fruit will 
be safe for human consumption.  Nevertheless, future work, 
such as standardization, quality control, and pharmacokinetic 
and pharmacodynamics studies of G yunnanensis extracts, will 
be required to develop G yunnanensis as a potential anticancer 
drug.

Figure 3A–3D.  OC and GUTK in combination inhibit cell proliferation and induce cell death in HCT116 cells.  (A) The chemical structures of OC and 
GUTK.  (B) The viability of cells treated with OC combined with GUTK was detected with MTT assays.  HCT116 cells were treated with OC or GUTK 
alone (0–15 μmol/L) or OC combined with GUTK (0–15 μmol/L) for 48 h.  Values are expressed as the percentage of inhibition compared with control 
cultures.  n=3.  Data are presented as the mean±SEM and were analyzed with a one-way ANOVA.  *P<0.05, **P<0.01 vs 0 μmol/L group.  ##P<0.01 vs 
OC or GUTK alone group. (C) CI value of OC and GUTK (CI<1 indicates a synergistic effect).  (D) Clonogenic assay.  HCT116 cells were seeded in 6-well 
plates, 500 cells per well.  After 24 h, the cells were treated with 7.5 μmol/L OC alone, 7.5 μmol/L GUTK alone or both compounds in combination.  
After 24, 48 and 72 h, cells were transferred into complete medium without drugs and cultured for another 14 d. Mean±SEM.  **P<0.01 vs 0 μmol/L 
group.  ##P<0.01 vs OC or GUTK alone group. The data were analyzed with a one-way ANOVA.
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flow cytometry analysis.  After treatment, the cells were collected and double-stained with FITC-conjugated Annexin V and PI.  The analyses were 
performed with flow cytometry.  Data are presented as the mean±SEM and were analyzed with a one-way ANOVA.  *P<0.05, **P<0.01.  (A) HCT116 cells 
were treated with OC alone (7.5 μmol/L), GUTK alone (7.5 μmol/L), or OC+GUTK (7.5 μmol/L each) for 48 h in complete medium, with or without pre-
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Figure 6.  OC and GUTK in combination promote ROS generation and JNK activation in HCT116 cells.  (A, B) HCT116 cells were treated with OC or GUTK 
alone or in combination, with or without pretreatment with N-acetylcysteine (NAC) (10 mmol/L) for 0.5 h.  The cells were then treated with DCFH-DA (20 
μmol/L) for 0.5 h and observed under a fluorescence microscope.  (A) HCT116 cells were treated with OC alone (7.5 μmol/L), GUTK alone (7.5 μmol/
L), or OC+GUTK (7.5 μmol/L each) for 48 h in complete medium.  (B) HCT-116 cells were treated with OC alone (2 μmol/L), GUTK alone (2 μmol/L) or 
OC+GUTK (2 μmol/L) for 3 h in EBSS.  Scale bar, 20 μm.  (C–E) The expression of phospho-JNK was detected by Western blotting.  Tubulin was used as 
a loading control.  (C) HCT116 cells were treated with OC or GUTK alone (1, 2, 5, and 7.5 μmol/L) or OC combined with GUTK (1, 2, 5, and 7.5 μmol/L) 
for 48 h in complete medium.  (D) HCT116 cells were treated with OC or GUTK alone (1, 2, and 5 μmol/L) or OC combined with GUTK (1, 2, and 5 μmol/L) 
for 3 h in EBSS.  (E) HCT116 cells were treated with OC alone (2 μmol/L), GUTK alone (2 μmol/L) or OC+GUTK (2 μmol/L each) for 3, 6, or 9 h in EBSS.  
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